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The hybrid model for precompound d-:cay is applied to the calculation of
neutron spectra following the 20Ne and 2C bombardment of ]65Ho at
220, 292 (zoNe) and 300 Mev (12C). Res i1ts are compared with

experimentally deduced angle integrated spectra and with results of the

Boltzmann master equation. Both models give excellent agreement with

experimentally deduced spectra.






Predictions of precompound decay ir heavy ion reactions were made a

decade ago using both the hybrid and Bo~

1 .
approaches. In recent years, energies

tzmann master equation (BME)

of accelerated heavy jon beams

have increased, and many precompound phenomena have been experimentally

observed.

The BME has been applied to

. . 2
1terpret some of these reactions;

in particular, it has been very successiJl in reproducing the shape and

absolute magnitude of neutron spectra from heavy ion reactions which were

gated on central collisions (via evaporetion residue or fission fragment

L 3,4
coincidences).

In this work we re-explore the hyb

contained in the nuclear reactions code
now compare predictions using the previ:
with experimental results, and with the
will analyze experimental results of th
previously been analyzed via the BME.5

The hybrid model is formulated as:
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id precompound decay model, as
ALICE.5

‘usly suggested parameter sets]

We do this because we can

somewhat more cumbersome BME. We
Berlin group, ' which have
(Eq. 1)
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~ction for emission of a nucleon
section. The term in the

the number of nucleons of type v
residual excitation energy would
n of E. The second set of brackets
to emission plus spreading
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nucleon emission.

represents the fraction of
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. random, equal a-priori probability
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with p and h the number of excited particles and holes, and n=p+h.

Following earlier suggestions.] and results found to be satisfactory
with the BME,6 we assume that ", is equa to the projectile mass (with
the distribution of nucleon energies resi.1ting from coupling the Fermi
motion with the projectile velocity) and we evaluate the spreading rate,
k+(c), from the average (Pauli correctedi collision rate of a nucleon
of energy ¢ in nuclear matter‘7

These parameters were used in the c:de ALICE to calculate neutron
spectra for the reactions of 220 and 292 MeV 20Ne and of 300 Mev 12C on
]GSHO targets. Results are shown in Fig.. 1 and 2, compared with the
experimental results of the Berlin group and with results of the BME.

The experimental angle integrated <sjectra were obtained by fitting an
assumed moving source to the high velocity neutron data, and angle
integrating emission from the fictive scurce. The evaporation neutrons are
therefore excluded in the experimentally deduced spectra shown in Figs.
and 2, whereas they are included in the ALICE result. The bars shown with
the experimentally deduced points of Fiq. 2 represent the range of results
thought to encompass the true angle intigrated spectrum, and do not
represent random errors. Thus, the exp:rimental results might better be
represented as a grey band between the maxima and minima of the uncertainty
bars of Fig. 2. Similar uncertainties :xist for the experimental results of
Fig. 1.

It is seen in the comparisons that the hybrid and BME models both
reproduce the experimental spectra extrrmely well both as to magnitude and
slope. These results suggest that the hybrid model and code ALICE may be a
good predictive and/or interpretive toc' with respect to precompound nucleon
emission in central heavy ion collision..

This work was performed under the auspices of the U.S. Department of

Energy by the Lawrence Livermore Natioral Laboratory under contract number
W-7405-ENG-48.
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Figure Captions

Figure 1 Neutron spectra from the reac:ion 20Ne+165H0 at 220 and
292 MeV beam energy. The ope' triangles and closed circles
represent evaporation residue and fission fragment gated spectra
from Ref. 3. The dotted curv: is the result of the hybrid and

evaporation model result from code ALICE, and the solid curve is
the result of the BME.

Figure 2 As in Fig. 1, for the reactio 120416545 at 300 MeV.
Experimental results are from Ref. 4.
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